Understanding of basic characteristics of radiobiological mechanisms in cells is necessary for the efficient application of different ions in tumour hadrontherapy.
Introduction
Radiotherapy is one of the main methods used in tumour treatment [3, 4] . The purpose of this method is to inactivate all tumour cells with respect for normal tissues.
Conventional radiotherapy is based on electron, X and gamma rays, characterized by exponential depth-dose curves. Therefore cells located in front of target volume are irradiated with higher dose than the tumour cells and this fact must be compensated with multifield irradiation.
In case of proton and light ions, tumour cells are irradiated by the area of Bragg peak at the end of particles range, where energy deposition sharply increases. Cells in front of tumour volume get consequently lower dose and given dose behind this area is practically neglectable as compared with conventional methods. Furthermore, light ions are characterised by highly conformal dose distribution and high value of relative biological efficiency (RBE) caused by their high linear energy transfer (LET) in area of the Bragg peak [6, 7] .
Biological effect of proton and ion irradiation is given by dose, type of particle, energy and LET. Realistic mathematical model of biological effect is essential for the optimal use of protons and light ions in clinical radiotherapy.
Radiobiological Model
The probabilistic two-stage model proposed by our group [2] enables to take into account damages caused by ionizing particles and also subsequent repair processes. We assume that lesions to DNA can be divided into categories of negligible damage, damages of lower severity that can be lethal if two or more are combined, and severe damages caused by single particle [2, 4] .
The cell survival curve is given by [5, 6] .
where D stands for dose and P k ( 
where conversion constant C = 6.24 keV.Gy -1 .µm -3 . The probability q k of cell survival after the traversal of k ions can be written as
where a is the probability of producing severe damage per track, b is the probability of forming damage of lower severity, and r k, a , r k b stands for the probability of successful repair of the a-type or btype of damage. Probabilities a, b, r strongly depend on LET value and kind of traversing ion.
Analysis of Experimental Data
Survival curves for V79, xrs5 and CHO-K1 Chinese hamster cells for carbon ions of different LET values were measured by Weyrather et al. [1] . V79 (lung fibroblasts) and CHO-K1 (ovary cells) are wild-type cell lines, xrs5 are radiosensitive mutants derived from CHO-K1 cells, lacking in the Ku80 component of the active DNA-PK complex that is necessary for repairing double strand breaks.
The analysis has been based on the cross section values reported at the given experiment [1] . The following parameterization of damage induction probabilities has been used:
In the case of V79 cells the repair function has been parameterized as 
In the case of CHO-K1 it has been supposed that repair function may be written as
which can be derived from Eq. 3 on the supposition that for xrs5 and CHO-K1 a and b damage induction probabilities are the same and cells differ only in reparation; a xrs5 and a CHO-K1 being damage probabilities of corresponding cell lines calculated in separate fits. In calculation is r k, b neglected because of small values of function b (see Figure 1) .
Experimental data and calculated surviving curves are shown in Figures 2 and 3 . Figure 4 . In Table 1 are presented parameter values obtained by fitting of experimental data.
Discussion
The results have validated the basic concept of the probabilistic two-stage model. They have indicated that the differences in radiosensitivity between xrs5 and CHO-K1 cell lines can be fully attributed to their different repair capacities. The effects of single ions to either of the cell lines, measured in terms of the DNA damage yields, i.e. the probabilities to induce both severe and less severe lesions to chromosomal DNA, may be equal. They are the subsequent repair processes that account for the different radiation response of these cells. For both cell lines dominates contribution of a-type damage than b-type (see Figure 1 ); that maybe caused by high radiobiological efficiency (RBE) of carbon ions. For the radiosensitive mutant xrs5 it has been possible to neglect the repair success probability at all. The wild-type line CHO-K1, on the other hand, succeeds in repairing relatively large amounts of DNA damage, compare Figure 4 . 
Conclusion
The wild-type cell lines V79 and CHO-K1 show similar shape of survival curves. Their repair characteristics are similar, too. Survival curves of xrs5 are strongly steeper and for describing their shape it is not necessary to take the repair into account. Differences in radiosensitivity between xrs5 and CHO-K1 cells can be explained by their different repair capability. 
